Abstract: Addition is a fundamental arithmetic operation which is used extensively in many very large-scale integration (VLSI) systems such as application-specific digital signal processing (DSP) and microprocessors. An adder determines the overall performance of the circuits in most of those systems. In this paper a 1-bit full adder cell which uses only six transistors has been proposed. In this design, three multiplexers and one inverter are used to minimize the transistor count and reduce power consumption. The power dissipation, propagation delay and power-delay product (PDP) are analyzed and compared with the existing adders using BSIM4 at 90 nm feature size. The results show that the proposed adder has both lower power consumption and low PDP value. The proposed full adder clearly outperforms other existing adders in its temperature sustainability behavior versus power dissipation, leakage current parameters. The low power and low transistor count makes the proposed 6T full adder cell a candidate for powerefficient applications.
Introduction
Advances in CMOS technology have led to a renewed interest in the design of basic functional units for digital systems. The use of integrated circuits in high-performance computing, telecommunications, and consumer electronics has been growing at a very fast pace. This trend is expected to continue, with very important implications for power efficient VLSI and systems designs. The continuing decrease in feature size of CMOS circuits and corresponding increase in chip density and operating frequency have made power consumption a major concern in VLSI design. Excessive power dissipation in integrated circuits not only discourages their use in portable environment but also causes overheating which reduces chip life and degrades performance.
Computations in these devices need to be performed using low-power, area efficient circuits operating at greater speed. The design of high-speed and lowpower VLSI architectures needs efficient arithmetic processing units, which are optimized for the performance parameters, namely, speed and power consumption [1] . Addition is not only one of the widely used fundamental arithmetic operations but also forms the nucleus of many other useful operations such as subtraction, multiplication, and division. Full adder is an essential component for designing all types of processors e.g. DSP, microprocessors, and so forth. In most of the digital systems adder lies in the critical path that affects the overall speed of the system. It is very important to choose the adder topology that would yield the desired performance. So enhancing the performance of the 1-bit full adder cell is the main design aspect. One way to achieve ultralow power is by running digital circuits in subthreshold mode [1] . Subthreshold current of an NMOSFET transistor occurs when the gate-tosource voltage (V GS ) of a transistor is lower than its threshold voltage (V TH ). When V GS is larger than V TH , majority carriers are repelled from the gate area of the transistor and a minority carrier channel is created. This is known as strong-inversion, as more minority carriers are present in the channel than majority carriers. When V GS is lower than V TH , there are less minority carriers in the channel, but their presence comprises a current and the state is known as weak-inversion. In standard CMOS design, this current is a subthreshold parasitic leakage, but if the supply voltage (V DD ) is lowered below V TH , the circuit can be operated using the subthreshold current with ultralow-power consumption. The proposed 6T adder operates efficiently in subthreshold region to achieve ultralow power. The rest of the paper is or-ganized as follows. Section 2 briefly describes the previous work reported in the literature. Proposed 6T adder cell is described in Section 3. Section 4, presents the temperature sustainability in parametric analysis, simulation results are shown in section 5 and conclusions are drawn in Section 6.
Review of full-adder designs
There are standard implementations with various logic styles that have been used in the past to design full-adder cells which are used for comparison in this paper. Although they all have similar function, the way of producing the intermediate nodes and the outputs, the loads on the inputs and intermediate nodes and the transistor count are varied. Different logic styles tend to favor one performance aspect at the expense of the others [2] . Some of them use one logic for the whole full adder and others use more than one logic for their implementation known as hybrid logic. Shannon full adder [2] sum and carry circuits are designed by using Shannon theorem shown in Eqns. (1) & (2) . An input B and its complement are used as the control signals of the sum circuit.
The carry circuit is designed by using Shannon complementary pass transistor logic, and uses only the inputs A, B and C. It was designed using the fundamental Shannon equation, given in Eq. (3). The MUX-14T [2] adder an input B and its complement are used as the control signals of the sum circuit. The two-input XOR gate is designed by using the multiplexer method; complementary inputs are used for balancing the circuit to avoid the floating wire concept. MCIT-7T [2] adder combines the MCIT for the sum operation and the Boolean reduction technique for the carry operation. Input B and its complement were used as the control signals of the sum circuit. The output node of the two-input multiplexer circuit is the differential node. MUX-12T [1] adder is designed by using multiplexing method and Boolean identities. The simplest way of approach to the A⊕B is designed according to the multiplexer method. The exclusive of C input node which is directly fed to A ⊕ B generates the sum circuit. The inclusive A ⊕ B and C logical AND node along with AB circuit generates the carry circuit. The adder eliminates power guard problem due to regular arrangement of transistor input nodes.
Proposed full-adder design
As per the literature review most of the existing adder design techniques have been considered along with its pros and cons. The proposed adder is based on simplified Boolean identities along with multiplexing control technique with less number of transistors and the equations for sum and carry are shown in
The proposed 6T multiplexer control adder design is based on Eqns. (4) & (5) and its schematic is shown in Fig. 1 (a) . According to Eqn. (4) the sum circuit is designed by using multiplexing method. Either exclusive of inputs A and B (A ⊕ B) or its complement (A ⊕ B) is needed as a control signal in multiplexers (MUX2 & MUX3) circuits to generate carry and sum outputs. In this design, A ⊕ B is implemented by the multiplexer (MUX1). The proposed adder adopts MUX2 followed by an inverter to generate carry. The inverter speeds up the carry propagation as a buffer along the carry chain which provides complementary signals needed for the generation of sum and also improves the output voltage swing as a level restoring circuit. The sum is generated by the MUX3 passing C and A ⊕ B nodes according to the value of A ⊕ B. The proposed full adder has three multiplexers, six transistors and uses appropriate W/L aspect ratio to improve the threshold drop of the circuit. It is further verified by Boolean identities to prove its stability and the resultant timing diagram is shown in Fig. 1 (b) . The worst case delay is measured by varying the inputs from A = 0, B = 0, and C in = 0 to A = 1, B = 1, and C in = 1 which results to lower delay due to less critical path. The proposed 6T full adder circuit is balanced for sum and carry due to the proper arrangement of transistors.
Parametric analysis of the proposed adder
The proposed full adder is compared with the four existing adders in parametric analysis by using BSIM 4. The circuit layout temperature versus power dissipation of the adder along with the existing adders is shown in Fig. 2 (a) . The temperature analysis depends upon the layout junction temperature (T j ), case temperature (T cj ) and its coefficient (θ ij ). The power dissipation of the adder layout is shown in Eqn. (6).
When θ ij is constant the power dissipation is directly proportional to junction temperature. The proposed adder gives lower power dissipation when compared to the existing four adders in terms of varying temperature due to the regular arrangement of MUX circuits as well as the absence of layout gap in the design. It gives lower leakage current in terms of temperature as shown in Fig. 2 (b) due to the dual rail nature of the logic style used efficiently to implement the multiplexing functions. As a consequence, two NMOS networks may be used in addition to the output buffering circuitry. This overhead annihilates the advantage of the low transistor count and small internal capacitance. According to diffusion leakage concept [1] , the proposed adder gives low diffusion leakage current due to short critical path. The temperature rise in the layout leads to break the grain boundaries of the basic elements and leads to dynamic leakage current flow through the cell. When the supply voltage is constant the leakage current varies as per the temperature as shown in Eqn. (7).
The proposed adder gives low leakage current due to the absence of bulk channel in the layout. The design implements the regular arrangement of the cells to reduce parasitic capacitance as well as bulk channel when compared to the other existing adders. dissipation, propagation delay and low PDP compared to existing adders as shown in Table I due to multiplexing design concept, reduced number of transistors and fast switching event of the transistors. The proposed adder is also compared with few recently published authors' adders at 90 nm feature size as shown in Table II . Compared with Mashid et. al [3] the proposed adder gives 98.40% reduction in power, 74.20% reduction in propagation delay due to the presence of repetitive input pattern in adder circuits. The additional transmission gates used in this CPL design increases the number of transistors and introduces more delay. The power dissipation in the proposed adder is reduced due to highly tasked flow of current and the absence of swing restoration. It gives 73.40% less power dissipation, 84.51% lower delay when compared with Pooja et. al [4] due to less number of transistor count. The inverter based CPL design along with the transmission gates increases the power dissipation. The proposed adder is compared with Abdoul et. al [5] gives 60% reduction in power, 92.25% reduction in propagation delay due to high transition activity in NMOS transistor adder circuits moreover the 8T CPL design is weak when the inputs A is low, B is high and C is Low, or when the inputs A is high, B is high and C is low. It gives 20.48%, 94.85% better performance compared to Navi et. al [6] for power and delay due to the complex design and the presence of additional MOSCAP (MOS capacitors) which can affect the performance of the CPL design.
Conclusion
In this paper, a new multiplexer based 6T full adder circuit has been proposed. The proposed adder along with four other existing adder circuits are designed by using DSCH 3 and layouts are generated by using Microwind 3 CAD tool. The comparison has been carried out in terms of power, propagation delay and PDP for circuit optimization. The parametric analysis is done by using BSIM 4 tool. The comparison is done for temperature versus power dissipation and leakage current and the results show better performance than the other four existing full adder circuits. Thus the proposed adder may be suitable at low voltage, high speed VLSI interconnect circuit applications.
